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IMMOBILIZED ALLIINASE AND CONTINUOUS 
PRODUCTION OF ALLICIN 

FIELD OF THE INVENTION 

The present invention relates to immobilized garlic alliinase in its biologically 
active form, and the use of said immobilized alliinase in a method for the manufacture of 
substantially purified allicin for use as active ingredient of pharmaceutical compositions 
and as food additive. 

BAC K GROU ND OF THE I NV E NT IO N 

Garlic and onions are members of the lilly family. Many medical properties have 
been ascribed to garlic and onions and they have been used in folk medicine for thousands 
of years. 

A large spectrum of medical properties has been ascribed to garlic, Allium sativum, 
(Block, 1985). In modern times the interest in the therapeutic properties of garlic has been 
resumed, and it is object of an increasing number of biochemical and clinical studies. 

Garlic preparations are commercially available in the form of garlic oil, extracts, 
pills or tablets. Usually the preparation procedures of such garlic preparations are 
unknown, and the composition and amount of their active ingredients are not defined. 

The active principles present in garlic have been found to be mainly sulfur- 
containing compounds. The principal component of a colorless oil obtained from steam 
distillates of garlic extracts was shown to be an unusual sulfur compound of formula 
C 6 H I0 S 2 O, named allicin (thio-2-propene-l-sulfinic acid S-allyl ester) (Cavallito et al., 
1944). Allicin was found to be a chemically unstable, colorless liquid that is thought to be 
responsible for both the odor and much of the biological activity of garlic. 

Although allicin is responsible for the smell of garlic, a garlic bulb exhibits little or 
no odor until it is cut or crashed. The intact garlic clove does not contain allicin but rather 
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its odorless precursor alliin (+)(S-allyl-L-cysteine sulfoxide) that is converted to allicin, 
pyruvate and ammonia by a C-S-lyase present in the garlic plant termed alliin lyase or 
alliinase [E.C. 4.4.1.4.] (Stoll and Seebeck, 1949). Alliin and alliinase are found in 
different compartments of the garlic clove. The cutting or crushing of the clove enables the 

5 enzyme to come into contact with the precursor of allicin. 

Studies performed with garlic preparations confirmed some of the medical 
activities attributed to garlic. Thus garlic juice was shown to inhibit the growth of bacteria 
of the genera Staphylococcus, Streptococcus, Vibrio and Bacillus and of zoopathogenic 
fungi and many strains of yeast, including Candida albicans (Block, 1985; Appleton and 

10 Tansey, 1975; Barone and Tansey, 1977), and allicin was shown to exhibit antibacterial, 
antifungal and antiamebic activity (Cavallito et al., 1944; Barone and Tansey, 1977; 
Mirelman et al., 1987). 

In the last few years, many studies reported the beneficial effects of garlic on 
cardiovascular risk factors, mainly hyperlipidemia and thrombogenesis in animals and in 

15 humans. The results of the administration of fresh garlic, etheric extracts, or its active 
component allicin were consistent: garlic induces an increase in fibrinolytic activity 
(Bordia et al., 1977; Kieswetter et al., 1990); inhibits platelet aggregation (Makheja and 
Bailey, 1990); and improves lipid profile including reduction of serum cholesterol levels 
(Bordia and Verma, 1980; Bordia et al., 1975; Knipschild and Ter-Riet, 1989; Augusti and 

20 Mathew, 1974). 

These studies demonstrated a very impressive effect of garlic, but most studies 
were limited by several factors such as lack of controlled methods and suitable double- 
blind studies and use of preparations with unknown amount and chemical identification of 
the active ingredient. 

25 Allicin was shown to exhibit the beneficial properties ascribed to garlic and thus it 

would be useful to produce allicin in controlled and known amounts for use as the active 
ingredient of pharmaceutical compositions. However, allicin is a very labile and volatile 
compound when exposed to air and the methods known today for its preparation are not 
satisfactory. The chemical synthesis involves many steps and is complicated, laborious, 

30 expensive, and very inefficient. The enzymatic method seems to be more attractive, 
however alliinase is a so-called "suicidal enzyme" that is rapidly and irreversibly 
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inactivated by its own reaction product, allicin. Therefore a few minutes incubation of 
alliinase with the substrate alliin or its product, allicin, leads to a biologically inactive 
enzyme after one or a very limited number of cycles. 

5 SUMMARY OF TffF, TNVENTION 

In order to overcome the above mentioned obstacles, the present invention 
provides alliinase in a form that is not inactivated by allicin. Thus alliinase according to 
the invention can be used for the continuous preparation of allicin without loosing its 
biological activity. 

10 In one aspect, the present invention provides the garlic enzyme alliinase in an 

enzymatically active, immobilized form wherein the enzyme is chemically, physically or 
biologically immobilized on a support carrier. 

Chemical immobilization according to the invention may be carried out by 
covalently binding the enzyme to a carrier selected from the group consisting of organic 

15 natural and synthetic polymers and inorganic carriers. Physical immobilization may be 
effected by entrapment of the enzyme within a polymer matrix or membrane, or its 
microencapsulation within semipermeable polymer membranes. Biological immobilization 
may be carried out by eithet binding biotinylated alliinase to an avidin-containing column 
or binding a cellulose binding domain (CBD) protein-modified alliinase to a cellulose 

20 column. 

In another aspect, the invention provides a column comprising a chemically, 
physically or biologically immobilized garlic alliinase and a method for continuous 
production of substantially pure allicin using said column to which the substrate alliin is 
added. 

25 By a further aspect, the present invention provides the use of substantially pure 

allicin produced according to the method of the invention for the preparation of 
pharmaceutical compositions for the treatment of viral, bacterial, fungal and parasitic 
infections, high levels of cholesterol and blood lipids, high blood pressure and thrombosis. 
In yet another aspect the invention provides substantially pure allicin to be used as 

30 food additive or condiment 
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BRIEF DESCRI PTION OF THE DRAWINGS 

Fig. 1 shows the enzyme activity of soluble alliinase (Eo -dotted squares); alliinase 
covalently immobilized on Cl-Sepharose 4B (black losanges), and alliinase entrapped in 
agar/sodium alginate beads crosslinked with glutaraldehyde (black squares), as a function 
5 ofpH. 

Fig. 2 shows enzyme activity of soluble alliinase (Eo-dotted squares); covalently 
immobilized alliinase as in Fig. 1 (black squares), and entrapped alliinase as in Fig. 1 
(black losanges), as a function of the assay temperature. 

Fig. 3 shows enzyme activity of soluble alliinase (Eo-black squares); covalently 
10 immobilized alliinase as in Fig. 1 (dotted squares), and entrapped alliinase as in Fig. 1 
(black losanges), as a function of pre-heating for 30 min at different temperatures before 
assay of the activity at room temperature. 

Fig. 4 shows the production of allicin (mg/ml) as a function of the amounts of 
alliin (mg/ml) added to a column of alliinase covalently bound as in Fig. 1 . 

15 

BEJAILED PJESCRIEUQM ofthf. INVENTION 

According to the present invention garlic alliinase is chemically, physically or 

biologically immobilized on a solid support. Any garlic alliinase, either natural or 

recombinant, may be used as long as the enzyme retains its catalytic activity. 
20 Any suitable technique developed for immobilization of enzymes for 

biotechnological application, such as those described by Kennedy and Cabral, 1983, and 

Tramper, 1983, can be used according to the present invention. 

Chemical immobilization may be carried out through covalent binding of the 

enzyme to a solid support by reaction between active groups of the support and one or 
25 more functional groups of the amino acid residues of the enzyme. Binding of the garlic 

alliinase to the carrier may be directly or via a spacer. 

Any carrier suitable for the immobilization of enzymes such as the organic natural 

and synthetic polymers and the inorganic compounds described by Kennedy and Cabral, 

1983, and Tramper, 1983, can be used according to the present invention. 
30 Examples of inorganic carriers include, but are not limited to, controlled pore 

ceramics such as titania, zirconia, alumina, naturally-occurring porous minerals such as 
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kieselguhr, attapulgite clays, pumice stone and bentonite, and controlled pore glass (CPG), 
a macroporous high-silica glass prepared from borosilicate glass. 

Organic carriers used according to the invention include, but are not limited to, 
natural polymers such as polysaccharides, e.g. cellulose, starch, dextran, agar, agarose, 
5 chitin, chitosan, pectin, pectic acid, alginic acid and derivatives thereof; proteins, e.g. 
collagen and silk, and derivatives thereof; and synthetic polymers and derivatives thereof 
e.g. polystyrenes; polyacrylate-type polymers, e.g. polyaciylates, polymethacrylates, 
polymethacrylic acid anhydride, polyacrylamides, polyhydroxyalkyl methacrylates, 
polyglycidyl methacrylates, and polyacrylonitriles; maleic anhydride-based polymers, e.g. 
10 copolymers of maleic anhydride and ethylene; polypeptides, e.g. copolymers of L-leucine 
and 4-amino-DL-phenylalanine; vinyl and allyl polymers, e.g. chemically-modified 
polyvinylalcohol, polyallylalcohol, and vinyl ether copolymers; and polyamides, e.g. 
nylon. It is also encompassed by the invention to use a mixture of two or more of said 
carriers. 

15 The coupling of enzyme molecules to solid supports involves mild reactions 

between amino acid residues of the enzyme and functional groups of the carrier. Some 
carriers possess such functional groups, e.g. maleic anhydride-based copolymers, 
methacrylic acid anhydride-based copolymers, nitrated fluoracryl methacrylic copolymers 
and iodoaikyl-methacrylates. However, the support materials most commonly used do not 

20 contain these functional groups but rather hydroxy, amino, amido and carboxyl groups, 
which have to be activated for immobilization of the enzyme. 

According to the mode of linkage, the method of co valent binding can be classified 
into diazo, peptide (amide) and alkylation methods, coupling by means of multifunctional 
reagents, and some miscellaneous procedures. Any of these methods can be used 

25 according to the invention, but one preferred embodiment relates to the peptide binding 
method. For this purpose supports containing carboxyl groups can be converted to reactive 
derivatives such as acyl azide, acid chloride, acid anhydride, isocyanate, imidocarbonate or 
cyclic carbonate, N-hydroxysuccinimide ester or p-nitrophenylester, and these derivatives 
form peptide bonds with free amino groups of the enzyme; or peptide bonds between free 

30 carboxyl or amino groups of the enzyme and, respectively, carboxyl or amino groups of 
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the support, are formed using condensing agents such as carbodiimides and Woodward's 
reagent K. 

According to the invention, a polysaccharide carrier such as cellulose or agarose 
(Sepharose™) is activated either by CNBr, forming a cyano ester or an imidocarbonate 
5 active group, or by KN'-disuccinimidyl carbonate , or by a chloroformate derivative, e.g. 
p-nitrophenyl chloroformate or N-hydroxysuccinimidyl chloroformate, with formation of 
the corresponding carbonate active groups. 

In another embodiment of the invention, a molecule serving as a spacer, such as an 
co-aminocarboxylic acid, e.g. e-amino-caproic acid, is first attached to the carrier through 

10 the NH 2 group and the free carboxyl group is activated to an active ester, e.g. N-hydroxy- 
succinimide ester, by reaction with suitable condensation reagents, e.g. carbodiimide and 
N-hydroxysuccinimide. Examples of such carriers include, but are not limited to, 
polysaccharides, e.g. cellulose and agarose (Sepharose™), and polyacrylates, e.g. 
Trisacryl™, a polymer of N-acryloyI-2-amino-2-hydroxymethyl-l,3-propanediol. 

15 Physical immobilization of alliinase may be carried out by any standard procedure 

such as the methods described by Kennedy and Cabral, 1983 and by Tramper, 1983. It is 
based on the physical entrapment of the enzyme within a constraining structure, for 
example lattice of a polymer matrix or membrane, tight enough to prevent the release of 
the enzyme while allowing penetration of the substrate. Thus alliinase may be physically 

20 entrapped within a crosslinked water-insoluble polymer gel, such as polymer matrices 
made of naturally-occurring materials such as starch, collagen, gelatin, agar, calcium 
alginate and K-carregeenan and crosslinked derivatives thereof, or crosslinked synthetic 
polymers such as polyaciylamides, polyvinyl alcohol), polyvinylpyrrolidone) and 
poly(meth)acrylates, e.g. poly(2-hydroxyethylmethacrylate). Methods for the preparation 

25 of entrapped enzymes include crosslinking of polymers by means of multivalent ions such 
as Ca 2+ and Al 3 \ resulting in gelation of the enzyme-polymer solution, e.g. immobilization 
in calcium alginate gel; or polymerization or polycondensation of an aqueous solution of 
the monomers or oligomers, respectively, and the enzyme in the presence of a crosslinking 
agent, e.g. glutaraldehyde. 

30 In another embodiment of the invention, alliinase may be physically entrapped 

within microcavities of synthetic fibers, e.g. cellulose-based fibers such as cellulose 
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acetate, or it may be microencapsulated within semipermeable polymer membranes, e.g. of 
nitrocellulose, nylon, polyurea or polystyrene, such that it cannot leak out while its 
substrate can diffuse across the membrane and be processed by the immobilized enzyme. 
Biological immobilization of alliinase may be carried out, for example, using a 
5 cellulose-binding domain (CBD) protein coupled to alliinase followed by adsorption on 
cellulose, or by binding biotinylated alliinase to an avidin column, or by immobilizing 
haptenized alliinase onto a column of an antibody, e.g. antibody to dinitrophenol, 
fluorescein and the like. Examples of CBDs that can be used according to the invention 
include those described in published International PCT Patent Application No. WO 
1 0 96/1 3524 co-owned by the applicants. 

The invention further provides a column comprising an immobilized alliinase 
according to the invention and a method for the continuous production of substantially 
pure allicin that comprises adding a solution of alliin to such a column and collecting the 
allicin thus produced. Usually the allicin will be collected and stored in water solution at 
15 pH 4.5 (citrate buffer). 

The substantially pure allicin may be used as food additive or condiment, for 
example to impart garlic flavour to oil, butter, cheese and the like, or as a natural food 
preservative in the meat or milk industry. 

It may further be used for the manufacture of pharmaceutical compositions for 
20 human and veterinary use for treatment of several disorders including, but not being 
limited to, viral, bacterial, fungal and parasitic infections, high levels of cholesterol and 
blood lipids, high blood pressure and thrombosis. These pharmaceutical compositions are 
prepared by standard methods. In one embodiment, the allicin in citrate buffer pH 4.5 may 
be stored in airless sealed capsules. 
25 The pharmaceutical compositions of the invention can be used for the treatment of 

bacterial infections caused by bacteria of the genera Staphylococcus, Streptococcic, Vibrio 
and Bacillus, of fungal infections caused for example by Candida albicans, as antiamebic 
and in the treatment of heart diseases and artheriosclerosis. 

The invention further provides a shunt consisting of a column comprising 
30 immobilized alliinase for treatment of thrombosis, and the ex vivo use of such a column for 
treatment of thrombosis and for hemodialysis and peritoneal dialysis. In the peritoneal 
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dialysis, for preventive antibacterial treatment, alliin is added to a tube containing the 
immobilized alliinase that is placed after the dialisys system. 

The invention will now be illustrated by the following non-limiting examples. 

5 EXAMPLES 
Materials and Methods 

In the examples, the following materials and methods will be used. 

(i) Materials 

Garlic was obtained from local market; crosslinked agarose (Cl-Sepharose™ 4B) 
10 was from Pharmacia; agar, alginic acid (sodium salt), beaded cellulose (50-80 mm), 2,4 
dinitrophenylhydrazine, 5,5' dithiobis-(2-nitrobenzoic acid) (DTNB), and giutaraldehyde 
were all from Sigma; Trisacryl GF2000 (LKB); p-nitrophenyl chloroformate, 4- 
(dimethylamino>pyridine (DMAP), N,N,N,W-tetramethyl (succinimido)uronium tetra- 
fluoroborate (TSTU), and 6-aminocaproic acid were obtained from Fluka (Buchs, 
15 Switzerland); 

(ii) Synthesis of alliin 

Alliin was synthesized from L-cysteine and allyl bromide following oxidation 
by H2O2 by the procedure of Stoll and Seebeck, 1951. The stereospecific product 
obtained, (+)S-allyl-L-cysteine sulfoxide (M.P. =164°, [a]D in H2O + 62.1°), was 
20 identical to the natural substrate, alliin (Yield: 1 5.7%). 
(iii) Preparation of garlic alliinase 

Alliinase was isolated from garlic cloves as previously described (Rabinkov et al., 
1995). In short, 100 gr of peeled garlic cloves were minced and extracted with 150 ml of 
extraction buffer [Na-phosphate buffer 0.02M pH 7.4, containing glycerol 10%, pyridoxal- 
25 5*-phosphate 0.02mM], and magnetically stirred for 30-45 min at 4°C. The supernatant was 
collected by centrifugation and fractionated by one of the following procedures: (i) acetone 
precipitation by adding 0.65 volume of cold acetone and collecting the pellet by 
centrifugation; (ii) precipitation with ammonium sulfate at 50% saturation and collecting 
the pellet by centrifugation; or (iii) precipitation with polyethyleneglycol-8000 [PEG 
30 8000] at 25% final concentration and collecting the pellet by centrifugation. Before the 
PEG precipitation, a pre-run on immobilized iminodiacetic acid (IDA) column, 
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equilibrated with nickel, was sometimes earned out. The pellet in all cases was dissolved 
with 50 ml of extraction buffer and was either dialyzed or gel-filtered through Sephadex 
G-25 (250 ml column). Further purification was done by chromatography through 
hydroxylapatite column (Ceramic HAP, Bio-Rad). After washing of the column with 0.05 
5 M phosphate buffer, the alliinase peak was eiuted with 0.2 M Na-phosphate buffer and was 
directly used for immobilization. 

(i v) Eiolsin was determined according to Lowry et al.,1951. 

(v) Alliinase activity: 

a) Direct assay 

10 (1) Enzymatic assay by measuring pyruvic acid formed as a byproduct of 

the alliinase reaction with alliin, as described by Rabinkov et al., 1994.The standard 
reaction mixture contained Na-phosphate buffer (0.1M, pH 6.5), pyridoxal 5*-phosphate 
(0.025 mM), NADH (0.2 mM), lactic dehydrogenase (1 0 U), alliin (6mM) ? and an alliinase 
sample in a total vol of lmL. Enzymatic activity was monitored spectrophotometrically by 

15 the decrease in absorbance at 340 nm using cuvets of 1 cm path length. A unit of activity 
was defined as the amount of enzyme required to release 1 jimol of pyruvate per min. 

(2) Spectrophotometrically measuring at 520 nm the product obtained upon 
reaction of pyruvic acid with dinitrophenylhydrazine as previously described (Friedemann 
and Haugen, 1943). 

20 (3) Measurement of allicin by HPLC (Rabinkov et at. 1 994) 

b) Indirec assay; 

Spectrophotometric determination of allicin by reaction of allicin with 
excess cysteine and measuring the remaining cysteine by reaction with DTNB as 
previously described (Han et ah, 1995), 
25 (vi) Allicin analysis 

The procedure for the isolation of allicin as a standard was carried out 
according to Jansen et a/., 1987. Alliin (300 mg) was dissolved in 300 ml of 0.1 M 

Na-phosphate buffer, pH 6.5, and incubated at 37°C together with purified alliinase 
(30 units/mg). After 2 h of incubation the solution was extracted twice with ether and 
30 dried over Na2S04. Ether was removed with a stream of dry air at room 
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temperature. Allicin (92 mg) was dried in a refrigerated dessicator over sulfuric acid 
(98%). 

(vii) Thin laver chromatography fTLO 

TLC identification of S-allyl-L-cysteine and alliin was carried out on 
5 precoated cellulose plates (Merck, Darmstadt, Germany) using as solvent n-butanol- 
acetic acid- H2O (4:1:1 v/v/v). After drying, the plates were sprayed with ninhydrin 
(0.25%) reagent and placed in an oven at 1 10° C for 10 min. Allicin (Rf=0.375) was 
identified by chromatography on silica gel plates (Merck) using a solvent system 
consisting of benzene-ethyl acetate (90:10), and detected on the plates by free iodine 
10 vapour. 

(vim) Quantitative, determination of alliin and allicin 

Quantitative determinations of alliin and allicin were obtained using an LKB 
HPLC system with an SP 4290 integrator (Spectraphysics). The separation was 
achieved on a LiChrosorb RP-18 column using as eluant methanol (60%) in water 
15 containing 0.1 % formic acid. Alliin emerges after about 4.5 min and allicin after 
about 9 min. 

Example 1: Preparation nfcnvalentrv immobilized alliinase 

(a) Cellulose, Trisacryl™ and Sepharose™ containing the spacer e-amino caproic 
20 acid were prepared according to Wilchek and Miron (1982), and converted to the N- 

hydroxysuccinimide esters using N,N,N,K-tetramemyl(succinimido) uronium tetra- 
fluoroborate (TSTU) or carbodiimide and hydroxysuccinimide. Quantitation of the active 
groups was done according to Miron and Wilchek (1982). 

In a typical procedure, 10 g of activated gel containing the N-hydroxysuccinimide 
25 active group were washed on sintered glass funnel with cold water for a few minutes and 
resuspended in 10-40 ml of alliinase solution (2-5 mg/ml) in phosphate buffer 0.02M pH 
7.4. The suspension was snaked 4-16 hours at 4°C. 

(b) Sepharose or beaded cellulose were activated either by the CNBr method 
according to Kohn and Wilchek (1982), or by using N.N'-disuccinimidyl carbonate (DSC) 

30 according to Wilchek and Miron (1985), or p-nitrophenyl chloroformate or N- 
hydroxysuccinimide chloroformate according to Wilchek and Miron (1982). Quantitation 
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of the active groups was done according to Miron and Wilchek (1982). These activated 
carriers were used for direct coupling of alliinase without spacer. 

For the covalent coupling of alliinase to CNBr- or p-nitrophenylcarbonate- 
activated gel, e.g. Sepharose™, the coupling mixture was adjusted to 0.2M NaHC03 final 
concentration, and the coupling time was at least 16 hours at 4°C. Conjugates were filtered 
and the amount and activity of unbound protein was determined. The gels were washed 
with 0. 1M ammonia followed by phosphate buffer pH 7.4 (0.05M). 

Example 2; Preparation of entrapped alliums 

Entrapment of alliinase in agar beads was done according to Prabhune and 
SivaRaman, (1990). Agar (2.0 g) and sodium alginate (0.5g) were suspended in water (50 
ml) and dissolved by heating in boiling water bath. The suspension was cooled to 50°C 
and alliinase (50 ml) was added upon stirring to form a homogeneous suspension. The 
suspension was dropwise added via peristaltic pump into calcium chloride (2%; 500 ml) 
containing glutaraldehyde (1%). Stirring continued in calcium chloride/glutaraldehyde for 
lhour. Removal of calcium alginate was done by washing the beads with sodium 
phosphate buffer, pH 7.4 (0.05 M), till the washings were clear. The beads were further 
washed with water and stored at 4°C. 

Exampls 3; Analysis of immobilfred alliinase 

Determination of bound protein to carrier in the immobilized alliinase preparations 
of Examples 1 and 2, was done by substraction of the amount of unbound protein in the 
coupling solution from the amount taken for the coupling. 

Assay of immobilized alliinase activity was done in a batchwise mode: 50 jil of 
alliin [100 mg/ml buffer assay] was added to an aliquot of suspension of an immobilized 
alliinase 50 mg wet gel/ml buffer phosphate 0.05M pH 6.5 containing 0.2 mM pyridoxal- 
5'-phosphate [assay buffer] in Eppendorf tube (final volume 1.0 ml). The reaction 
procceeded for 3-5 min while shaking, and the supernatant was collected either by 
centrifugation or by filtration. 50 pi samples of the supernatant were taken for 
determination of pyruvic acid or allicin concentration. 
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Assay of soluble enzyme activity was done in a similar way. Reaction was stopped 
by adding trichloroacetic acid (TCA) to a final concentration of 5%. 

For the assay of pyruvic acid, to an aliquot of 50 jal of the enzymatic reaction, were 
added 50 jjtl of 10 % TCA (in case of immobilized alliinase) or 50 pi of 5% TCA (in case 

5 of soluble alliinase), and 50 ^1 of 0. 1% 2,4 dinitrophenylhydrazine in 7 % HC1, mixed and 
kept for 5 min at room temperature. Then 025 ml of toluene (water saturated) was added 
and the mixture was vortexed for 30", and kept 5 min at room temperature. An aliquot of 
the organic phase (25-50 was added to 0.55 ml of 2.5% KOH in ethanolic solution, 
kept 10 min at room temperature and absorbance measured at 520 nm. Calibration was 

10 done with 10 mM pyruvic acid (10-30 samples. 

For the aliicin indirect assay, to an aliquot of 50 \xl of the enzymatic reaction, was 
added 150 pi of fresh solution of cysteine (0.02M) in HEPES buffer pH 7.4 (50-500 mM). 
After 10 min at room temperature, 5 \il aliquot was diluted with DTNB (0.2mg/ml in 50 
mM HEPES pH 7.4), and absorbance was read at 412 nm (Em 412 13600). The 

15 concentration of reacted cysteine with aliicin was calculated by substraction of the 
observed A412 (non reacted cysteine) from A412 of cysteine without enzyme (cysteine - 
100%). 

Unit activity: calculated as nmole pyruvic acid min" 1 . Specific activity: ^mole 

pyruvic acid min"* mg~l. 
20 For the aliicin direct method, aliicin concentration in effluent was assayed by 

directly applying 50-100 nl of the diluted sample (diluted 1:100 with running buffer) onto 
an RP C-18 HPLC column. Aliicin and ailiin retention times were about 8.5 min and 4.5 
min, respectively. 

25 3( j) T Speeiftf nctivitv of soluble and immobilized alliinase and amount of 

alliinaas coupled insflliihk gamer. 

The specific activity of the various purified alliinase preparations (method iii) and 
of alliinase immobilized on Cl-Sepharose are shown in Table 1. The different specific 
activities indicate the extent to which the enzyme was purified. Interestingly in some cases 
30 the immobilized alliinase showed higher specific activity than the soluble enzyme, 
probably because the soluble enzyme is unstable upon storage. 
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Table 1. Specific activity of soluble and immobilized alliinase and 
the amount of protein bound 



Preparation 
method 


Protein 

mg/lOOg garlic 


Specific activ. 
of soluble 
alliinase* 


Protein bound 
mg/wet weight 
g-Cl-Sepharose 


Specific activ. 
of alliinase 
immobilized 
on Cl- 
Sepharose ** 


a. Acetone ppt 


120 


11.1 


2 


9.6 


b. Aim. sulph. 
PPt- 


422 


5.7 


8.3 


4 | 


c.l PEG8000 
ppt 


90 


66.5 


2.2 


96 


c.2 IDA/PEG 
ppt 


63 


73.4 


1.8 


195 



5 "Specific activity of soluble enzyme: fimole pyruvate.min- 1 .mg- 1 

** Specific activity of bound enzyme: |amoie pyravate.mnr*mg enzyme bound" 1. 



It seems that the specific activity of immobilized enzyme depends on the method 
by which the enzyme was prepared and on the specific activity of the soluble enzyme. The 
10 higher the specific activity of the soluble enzyme, the higher is the specific activity of the 
immobilized enzyme. It is clear that there is no loss of activity due to immobilization. 

Interestingly, there is not much difference with the carrier being used and the 
method of its activation. Of course preference should be given to methods which result in 
stable bonds, e.g. amides, urethanes (carbamates), with minimal leakage of protein. In this 
1 5 particular case, the activation with DSC gives the most stable derivatives of alliinase with 
the highest specific activity as shown in Tables 2 and 3. 
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Table 2. Specific activity and amount of protein bound 
of ailiinase immobilized in different ways 





Celiulose- 

6-amino 

caproyi 


Sepharose 
-6 amino 
caproyi 


Tnsacryl- 

6-amino 

caproyi 


Sepharose 
(CNBr) 


Sepharose 
(DSC) 


Agar / 
entrapped 


Protein 
bound mg 
/g wet gel 


21,7 


5.6 


3.2 


5.3 


2.6 & 
8.3* 


1.9 


Specific 
activity** 


8.5 


4.2 


5 


9.6 


195 & 
6.9* 


2.9 



♦different experiment (different enzyme prep) 
** Specific activity: jimole pyruvate.min^ .mg protein bound- 



Table 3. Specific activity of soluble ailiinase and of ailiinase 
immobilized in different ways 



Date of prep. 


Specific activity of 
soluble ailiinase 


Carrier 


Specific activity of 

immobilized 

ailiinase 


4.7.95 


8.4 


Cl-Sepharose -6- 
aminocaproyl 


4.2 




8.4 


Agar entrapment 


2.9 


25.10.95 


11.2 


Cl-Sepharose 4B 


9.4 




11.2 


Cl-Sepharose 6- 
amino caproyi 


13 




11.2 


Trisacryl GF2000- 
6-amino caproyi 


5.0 


13.11.95 


66.5* 


Cl-Sepharose 4B 


96 




73.4* 


Cl-Sepharose 4B 


195 



* assay of soluble enzyme prep, was done after 1 day at cold room 
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3fii). Effect of pH on enzvmatic activity of alliinase 

To study the enzymatic activity of soluble alliinase prepared by acetone 
precipitation, Cl-Sepharose 6-amino-caproyl-covalently immobilized alliinase and 
entrapped alliinase in agar beads as a function of the pH , samples of immobilized enzyme 
5 either covalently bound or entrapped as well as soluble enzyme prepared by acetone 
precipitation were incubated at room temperature in buffers (0,05 M) over a pH range of 4 
- 9.5 for a period of 5 min in presence of alliin. The reaction mixture contained the 
enzyme, LDH 2.5-5.0 U/ml, NADH 0.2 mg/ml (0.26 mmole/ml). Reaction started by 
adding the substrate alliin from a concentrated solution (100 mg/ml) to final concentration 

10 of 2 mg/ml alliin. Reaction was run at room temperature for 5 minutes. The activity, 
measured as decreasing absorbance at 340 nm, was recorded directly for the soluble 
enzyme; for the immobilized (0.5-1.0 mg conjugate per ml) and the entrapped enzyme (1 
bead per ml), it was measured after shaking the reaction mixture 5-15 minutes, followed 
by centrifugation. Enzymatic reaction was estimated as the decrease of optical density at 

1 5 340 nm per minute. The highest activity was considered as 1 00%. 

As shown in Fig. 1, the soluble alliinase(dotted squares) as well as the entrapped 
alliinase (black squares) showed a bell type shaped graph with optimum pH assay at 6.5- 
7.0, while the covalently bound alliinase (black losanges) showed optimum activity at pH 
7.0-7.5. Due to the increased stability of the product allicin at acidic pH it was decided to 

20 continue the reaction with immobilized enzyme at pH 6.5 . 

3fiin. Effect of temperature on the enzvmatic activity of alliinase 
The enzymatic activities of alliinase (1-2 jil of dissolved pellet after crude acetone 
preparation), Cl-Sepharose-covalently immobilized alliinase (1 |ig gel) and agar entrapped 
alliinase (1 bead about 40 mg gel) were studied as a function of the assay temperature. 

25 Samples of suspension of Cl-Sepharose immobilized enzyme as well as aliquots of soluble 
enzyme were incubated with alliin (2-5 mg/ml) in 0.1 M phosphate buffer containing 
0.2mM pyridoxal-5 -phosphate pH 6.5 (0.85 ml) for 5 min at different temperatures. 
Reaction was stopped by adding 0.1 ml 50% TCA. The carriers Cl-Sepharose-conjugate as 
well as agar-entrapped-alliinase were removed by centrifugation and pyruvic acid 

30 concentration was determined in the supernatant with 2,4-dinitro-phenylhydrazine 
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according to Friedmann and Haugen (1943). The highest activity of each preparation was 
considered as 100%. 

As shown in Fig. 2, there was no significant difference in the activities of the 
soluble enzyme (dotted squares) or the entrapped enzyme (black losanges) in the range of 
5 temperature measured (+/- 10%). The covalently bound enzyme (black squares) was found 
to be much more active at temperatures above 40°C. The activity at room temperature was 
found to be about 50% of that observed at 70°C. In view of the fact that the reaction goes 
to completion also at room temperature, most of the work was performed at room 
temperature. 

10 flfivV Effect o f temperature on the stability of alliinase 

Assay of enzyme activity at pH 6.5 room temperature, was done after 
preincubation of the enzyme preparations (soluble alliinase, Cl-Sepharose-conjugate of 
alliinase and entrapped alliinase) at different temperatures, in assay buffer pH 6.5 for 30 
minutes. The residual enzyme activity was determined after incubation with alliin for 5 
15 min. The enzymatic reaction was stopped by TCA, and the amount of pyruvate was 
assayed. 

The results are shown in Fig. 3, wherein soluble alliinase (prepared by acetone 
precipitation pellet dissolved to 3.86 mg protein/ ml) 2 nl/ml (dotted squares); covalently 
bound Cl-Sepharose-6-aminocaproyl alliinase (soluble enzyme prepared by acetone 

20 precipitation: 5-6 mg /g gel) 1 mg gel/ml (black squares); entrapped alliinase (prepared by 
acetone precipitation and entrapped as described in Example 2), 1 bead/ml (40 mg gel) 
(black losanges).The highest activity of each preparation was considered as 100%. As 
shown in Fig. 3, no loss of activity was found for the native enzyme. The entrapped 
enzyme showed no change in activity at temperatures between 25-56°C, but lost about 

25 50% of its activity after preheating at 72°C. The activity of the covalently bound enzyme 
increased upon preheating at temperatures between 25-56°C, but preheating at 72°C 
resulted in loss of 50% of its activity at room temperature. 

F .x nm p 1 * d ' Cflntinmau produ c tion of aiiicin on a column of immobilized alliinase 
30 The immobilized alliiinases with different specific activities were packed in 

columns of different sizes and alliin solution at different concentrations (up to 10 mg/ml) 
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in buffer phosphate 50 mM, containing pyridoxal-5-phosphate 0.2 mM, pH 6.5, was added 
at a loading rate of 7 ml/h at room temperature. For immobilized enzyme with low specific 
activity, e.g. 1-2 U minW 1 , larger column (1x10 cm) were used, while for immobilized 
enzyme with high specific activity, e.g. -100 fimole pyruvic acid min'mT 1 , smaller 
columns (1x7 cm) were used. Flow rate of column was 7 ml/h at room temperature. 
Efficiency of allicin production was proportional to the specific activity of the 
immobilized alliinase. Columns containing only 1-2 units activity /ml carrier (1x10) 
already converted continuously 70-82% of alliin solution (5 mg/ml) to allicin. 

In a particular example, alliinase covalently immobilized onto Cl-Sepharose was 
packed in a column (1.5 x 7 cm). Alliin was loaded at different concentrations (up to 10 
mg/ml) in buffer phosphate 50 mM, containing pyridoxal-5' -phosphate 0.2 mM, pH 6.5, at 
a loading rate of 7 ml/h at room temperature. The concentration of allicin in the eluate was 
determined. As shown in Fig. 4, the efficiency of this column containing high specific 
activity immobilized enzyme showed almost linear dependence on die concentration of the 
substrate alliin. 

Example 5. Long-term stability of immobilized alliinase 

Immobilized Cl-Sepharose-6-aminocaproyl alliinase packed in a 1.5x7 cm column 
was used for continuous production of allicin for two weeks at room temperature under 
loading conditions of 7 ml/ h of alliin 5 mg/ml in 50 mM buffer phosphate containing 0.2 
mM pyridoxal-5'- phosphate, pH 6.5. The column showed no loss of activity over this 
period of use. Storage of the column at 4°C for a period of 2 months, did not change the 
efficiency of the immobilized alliinase and could be used for further production of allicin. 
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CLAIMS 

1. Immobilized garlic alliinase wherein the alliinase is chemically, physically or 
biologically immobilized. 
5 2. Chemically immobilized alliinase according to claim 1, wherein alliinase is 

covalently bound to a carrier selected from the group comprising organic natural and 
synthetic polymers and inorganic carriers. 

3. Chemically immobilized alliinase according to claim 2, wherein the inorganic 
carrier is selected from: (i) controlled pore ceramics selected from titania, zirconia and 

10 alumina; (ii) naturally-occurring porous minerals selected from kieselguhr, attapulgite 
clays, pumice stone and bentonite; and (iii) controlled pore glass (CPG). 

4. Chemically immobilized alliinase according to claim 2, wherein the organic 
carrier is either a natural polymer selected from polysaccharides and proteins and 
derivatives thereof; or a synthetic polymer selected from polystyrenes, polyacrylater and 

15 poly methacrylate-type polymers, maleic anhydride-based polymers, polypeptides, vinyl 
and allyl polymers, and polyamides. 

5. Chemically immobilized alliinase according to claim 4, wherein the carrier is a 
polysaccharide selected from cellulose, starch, dextran, agar, agarose, chitin, chitosan, 
pectin, pectic acid, alginic acid and derivatives thereof. 

20 6. Chemically immobilized alliinase according to claim 4, wherein the synthetic 

polymer is (i) a polyacrylate-type polymer selected from polyacrylates, polymethacrylates, 
polymethacrylic acid anhydride, polyacrylamides, polyhydroxyalkyl methacrylates, 
polyglycidyl methacrylates, and polyacrylonitriles; (ii) a maleic anhydride-based polymer 
consisting of copolymers of maleic anhydride and ethylene; (iii) a polypeptide consisting 

25 of copolymers of L-leucine and 4-amino-DL-phenylalanine; (iv) a vinyl or allyl polymer 
selected from chemically-modified polyvinylalcohol, polyallylalcohol, and vinyl ether 
copolymers; or (v) a polyamide. 

7. Chemically immobilized alliinase according to any one of claims 1 to 6, wherein 
the alliinase is bound to the polysaccharide carrier via a spacer. 
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8. Physically immobilized alliinase according to claim 1, wherein the alliinase is 
either entrapped within a polymer matrix or membrane, or is microencapsulated within 
semipermeable polymer membranes. 

9. Physically immobilized alliinase according to claim 8, wherein the polymer 
5 matrix is made of a naturally-occurring gel selected from starch, collagen, gelatin, agar, 

calcium alginate and K-carregeenan and crosslinked derivatives thereof, or of a crosslinked 
synthetic polymer selected from polyacrylamides, poly (vinyl alcohol) and polyacrylates. 

10. A column comprising a chemically, physically or biologically immobilized 
garlic alliinase according to any one of claims 1 to 9, or a mixture thereof. 

10 11. Use of immobilized alliinase according to any one of claims 1 to 9 or of a 

column according to claim 1 0, for continuous production of allicin. 

12. A method for continuous production of substantially pure allicin which 
comprises adding a solution of alliin to a column comprising immobilized garlic alliinase, 
and collecting the allicin in the effluent. 

15 13. Substantially pure allicin whenever obtained by the method of claim 12. 

14. Use of allicin according to claim 13 for the preparation of pharmaceutical 
compositions for the treatment of viral, bacterial, fungal and parasitic infections, high 
levels of cholesterol and blood lipids, high blood pressure and thrombosis. 

15. Use of allicin according to claim 13, as food additive. 

20 
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